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The  results  of a rider of  recent  lateral-stability  investigations 
conducted  by the NACA m e  summarized in this  paper.  Illustrations are 
@veri of some of the effects on dynamic lateral stability of a few of 
the mre important  aerodynamic and ma~s characteristics  such as the 
afrectional-stability  parametar C the effective-dihedral 
pmamater C the arunping-in-rou  parameter c 
and  relative  density. Ths problems amociated with the  so-called 
"6naking" oscillation  encountered  recently by several high-speed  airplanes ' 
are discussed. Some of  the  inportant  factors  affecting the values of  the 
stability  derivatives us9d in dynamic  lateral-stability  calculations f o r  
airplanes with law-aspect-ratio  swept wings aze indicated, and a method 
is  suggested for estimating t h e  effects of scale and roughness OR the 
stability  derivativas. 
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The problem  of  obtaining  satisfactory lateral stability  has  became 
increasingly  difficult as airspeeds have Increasad and as  deeigaers  have 
resorted  to  the use of extrem sweepbaqk and l o w  aspect  ratio.  At  high 
speeds, many of our  militaqv  airplanes  have  exhibitsd a lightly dmrped 
yawing oacUtion - the  so-called "snakingr* oscillation. At l o w  spede, 
lateral-stability  trOUble6 are anticipated  with  Bweptback  and low- 
aspect-ratio  desiss,'  partly  because of their relatively high  effective 
dihedral and lox damping in roll. In general, the problem of  oscillatory, 
or  Ddtch  roll,  stability d m s  n o t  now appear to be ao serious for  swapt 
airplanes as origlnalll  anticipated,  but in many cases it is  imgortant. 
Ln some'cases, lateral  controllability  is a more  important  factor than 
IUtch  roll  atability in determining the  configuration of the airplme. 

* This paper will deal first with the effect on stability of so* of 
the more ingortant  aerodynamic and mass characteristics  and w i l l  then 
present  nrethode for estkting the various  stability  parameters  to be 

I used in stability  calcula,tions  for high-speed airplanes. 
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lift  coefficient 

drag coefficient 

rate of change of rolling-moment  coefficient  with  wing-tip 

helix angle g, per =dim (3) 
rate  of  change  of  yawing-mament  coefficient with wing-tip 

rate of change  of  rolling-moment  coef'ficient with yawing- 

velocity  parameter m, rb per radian (2) 
aE 

angle of wing incidence,  degrees 

indicated  airepeed, milee per  hour 

sweep angle , degrees 
aspect  ratio 

taper  ratio,  ratio  of  tip  chord  to  root  chord 

wing chord 

R e y n o l b  number 

Mach number 

. 
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I M P O € U ! !  FACTOFE AF%IECTING DYNAMIC IATERKL STABILITY 

D i r e c t i m l   S t a b i l i t y  and Effecti-re D i h e d r a l  

Two of the most i qo r t an t   f ac to r s   a f f ec t ing   l a t e ra l   s t ab i l i t y  and 
control labi l i ty   are   the  direct ional-s tabi l i ty  parameter C and the 

the  ezfective-dihedral  parameter . (see  references 1 t o  3.) These 
two fac tors   a re  used as the %asis f o r  the conventional s tab i l i ty   char t  
shown i n  figure 1. The ordinate i s  Cn and the  abscissa is -CzB 

which is  positive  effective  dihedral. The boundam shown is fo r   neu t r a l  
o s c i l l a t o q   o r  Dutch r o l l  s tabi l i ty   calculated fcr  a general  research 
m o d e l  tested in  the  langley  free-fli&t  tunnel. In  the  f igure are twc 
points which represent two models o r   a f r p l m s  with d i f f emnt  combinatiaw 

nB 

B 

of C n  arnd C 
B l B  =$ zB 

The first point a t  high C and law C i s  f o r  a 

good flying  condition. The osc i l la tory   s tab i l i ty  ie very good and the 
control labi l i ty  i s  a l so  good because  the  large n l u e  of keeps 

adverse yawing t o  a minimum. The second point which has large and 

low C represents a poor flying  cmdition. It can be seen that since 

this point is below the   s tab i l i ty  borndam, Dutch r o l l   i m t a b i l l t y  is  
indicated. Even if the boundary were belm this   point  (which is quite 
l ike ly  in  cases1 the control labi l i ty   for   this   condi t ion would be 
poor  because the low direc t iona l   s tak i l i ty  would permit  excessive  adverse 
yawing, which in combination wtth the  high  effective dihedral will cause 
a serious  reduction in aileron  roll ing  effectiveness.  (See reference 4.) 
This happened in  the  case of  the L-39 sweptback research  airplane. 
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Daqing in Roll 

Another important factor   af lect ing lateral s t a b i l i t y  is the damging 
in  roll which  becomes Emraller as the sweepback is increased and a B  the 
aspect   ra t io  i s  decreased. The effect  on lateral  s t a b i l i t y  of reducing 
the dmuping in  r o l l  is shown in  figure 2 which is a s t a b i l i t y  chart 
similar to  that already  preeented. The oscillatorg-stability  boundaries 
have beer, plotted f o r  values of the  damping-in-roll  parameter 
of 0, -0.1, and -0.2. The value of C f o r  a straight-wing  conventional 

airplane is about. -0.4 o r  -0.5. These boundaries which were taken from 
reference 5 were calculated  for a hypothetical  tra3lsmic  airplane asd are 
intended only to indicate the  trends  obtained a8 
evident from the boundaries that reducing C reduces  laterstl  stability. 
Although the e f fec t  ehown is probably  typical f o r  most airplane  deaims, 
calculations have indicated that the reverse effect might be  present for 
some ailplans configmatione. 
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Wing Incidence 

NACA RM No. L&2& . 

Several  airplanes now in  the  design  stage have provisions  for 
variable wing incidence t o  permit  the  fuselage t o  remain at  a low angle 
of attack  while  the wing goes up to  the  high angles of attack  required 
because of the high sweep and low aspect  ratio. Recent theoretical  work 
(reference 6 )  which has been checked by t e s t s  in  the Langley free-flight 
tunnel  (reference 4) has indicated that increasing  the wing incidence 
might have a detrimental  effect on l a t e ra l   s t ab i l i t y .  This effect  i s  
i l l u s t r a t ed  in figure 3, which is a s tab i l i ty   char t   for  a free-fl ight-  
tunnel sweptback-wing model xith 0' and 10' wing incidence. 

Changing the wing incidence in effect  changes the incl inat ian of the 
principal  axes of inertia of the a i r p b e  which is the  factor that 
produces the change in   s t ab i l i t y .  For example , in the  case of the 
airplane with Oo wing incidence  the  fuselage i s  a t  the same angle of 
attack as the wing; and,  because the  principal  longitudinal a x l s  of 
ine r t i a  is u s u a l l y  approximately i n   l i n e  w i t h  the  fuselage, it alsoohas 
the a m  positive angle of attack. I n  the  case of the wlng wlth 10 wing 
incidence,  harmer, it cas be  seen that the fuselage and, hence, the 
principal axes of inertia w i l l  have very l i t t l e  angle of attack. A 
comparison of the two boundaries  ahme that the  effect  of using positive 
wing incidence i s  t o  decrease the osci l la torg  s tabi l i ty .  It therefore 
appears  desirable  to  avoid  the use of Large positive w3ng incidence if 
possible. Some calculations have shown that even a emall change i n  wing 
incidence (as small as 2') can  give  large changes i n  s t a b i l l   t y  . 

Mass Distribution and Relative  Density 

The effect8 of mass distribution and relative  density on l a t e r a l  
s t ab i l i t y  have been inveetigated  both  theoretically and by t a t s  in  the 
Langley free-fl ight tunnel (references 5 ,  7, and 8). In  general,  the 
resul ts  have indicated that usually no pronounced effects  on s t ab i l i t y  
occur when the  relative  density i s  increased by increasing  either  the 
wing loading or the  alt i tude.  Similarly, increasing the moment of i ne r t i a  
i n  yaw by increasing  the weight i n  the fuselage doee not usually appear t o  
affect   stabil i ty  greatly.   Increasing  the moment of i ne r t i a  in r o l l  by 
increasing  the weight carried in the wing, however, does have a pronounced 
effect  on the  stability, as i l l u s t r a t ed  by figure 4, which i s  a s t ab i l i t y  
char t   for  a typical sweptback f ighter  model tested in the Langley f ree-  
flight tunnel with and without  wing-tip tanks. A comparison of the two 
points on the  chart shows that adding the tanka cmmed aome slight changes 
i n  aerodynamic chamcteristice,  but the main effect  of the tanks was to 
increase  the moment of inertia i n  roll which resulted  in  the  large shift 
shown i n  the  oscil latorg-stabil i ty bo-rg. A pronounced reduction i n  
the s t ab i l i t y  of the model is indicated when the wing "&e are  installed.  
Since  the period of the  oscil lation in  this case is fair3y long, hawever, 
it is possible that the  airplane  pilot would  have less   d i f f icu l ty  in  
flying with this unstable  condition ,than he woul& in other  cases where 
the  oscil lation is of shorter  period and l igh t ly  damped. 
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Examples of lightly ihuped short-period  oscillation6 whfch are  
d i f f i c u l t  to control have 'been encountered  recently OIL a number of 
milftary airplanes. These airplanee  erhlbited poor la teml-oeciUat ion 
characterist ics or ''making" i n  high-speed flight. A study of this 
&ng osci l la t ion was recently conducted with a conventional single- 
engine low-wlng at tack airplane f o r  whioh poor l a t e ra l -umi l l a t ion  charac- 
t e r i s t i c s  had been  reported. The results of thie investigation are 
summarized on figures 5 and 6. Figure 5 shms a t T m s  hietory of the 
rudder motion and y a m  velooity after a disturbasce In yaw f o r  various 
rudder  conditiane f o r  an indimted  airspeed of &lout 350 miles per hour. 
With the rudder free, the making oeo iUt i cm was very lightly damped 
even."though the actual rudder defleotioxm were less than half a degree. 
With the rudder locked.,the dmrpfng W&E mch better ecnd was C O I M ~ ~ X ? ~  
eatiefactorg. The middle recoriL shows that with just the ruader pedals 
fixed a t rue rudder-fixed cmdit ion wae not obtained an& the damping wa8 
not mch  be t t e r  than with rudder free. 

The variation of the damping with airepeed is sham in  the f i r e t  
part of figure 6 .  The cycles required t o  damp to 1/2 amplitude and 
p e r i d  of the oeci l la t ion are plotted as a function of indioated airepeed. 
With rudder locked, the m i n g  in cycle8 remained constant  over the 
speed range; w h l l e  with a e r  f r ee  with the original horn  balance  the 
damping was not so good aa with rudder  fixed at low meed and became 
progressively worse with increasing airwpeed. When the horn balance waa 
removed, the ming W&E essent ia l ly  the stme &e with rudder  locked, 

An emlamt ion  f o r  these changes i n  dmqing i e  given bn the  rudder- 
free s tab i l i ty   char t  an the right of this figure. O n  t h i s  plot of 
againet C b  the calculated  rudder-free  stability-boundaries f o r  this 
airplane with the effects  of friction in the control system are taken 
i n to  account. The boundaries, which were calculated by methods that 
were developed i n  reference6 9 and 10 and checked in  reference ll, 
indicate  the conbinations of C 

divergence,  conata;nt-amplitude oscil lations,   or  increasing  oscil lations.  
With the horn -lance the measured hinge-moment factors  were as  indicated 
by  the point on the chart. The f a c t  that this point is not far from the 
constant-asq7litude osci l la t ion bomdaq explains why at ldw speede the 
damping was l e s B  with rudder free  than with rudder  fixed. 

Ch4 

h$ al& c% which produoe s t ab i l i t y ,  

The decrease in  damping with increase in airspeed f o r  the  rudder- 
f ree   condi t ion   i e   a t t r ibu ted   to  the effecter of Mch number on the hinge- 
molnsnt parameters and Chg. Tester have shown that as Mach number 

i s  increased,  both Ch and C h  might become more poeitive which would 
Ch* 

l# 
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shift the  point on the  chart tawarb a region of  worse  damging. 
Removhg the horn  balance W e 8  both c and chg more negative &nd, % 
therefore,   shift8  the  point an the char t   to  a region of greater aaglping 
of the  oscil lation. The greater damping explains the improvement noted 
i n  the f l i g h t   t e s t e  when the  horn kaLance was removed. The current 
trend of airplane design which l e a b  to   intent ional   select ion of a 
law ch and a positive ie euch as t o  invite snaking or  poorly 
b q e d  oecillatione. It is therefore  important that the d.aqplng charac- 
t e r i s t i c s  be checked by calculatione and that due allowance be made f o r  
the  effect  of Mach number on the hinge-moment parameters. 

8 % 

Although the rudder hinge-moment characteristics  appear  to have a 
very  important  effect'on s n a k i n g  oscil lations,   other  factors are 
undoubtedly involved in  lllany casea. For example, fuel  eloahing ha8 i n  
s o w  caees apgeared.to make the snaking motion  worse,  and euch factors  
ae the air  flow at  the tail-fuselage juncture and the arrangement of the 
tail pipe in the fuselage have been shown t o  affect  s n a k i n g .  Even when 
none of these  factors are involved, an airplane might efh ib i t  enaking in 
the  rudder-fixed condltion just becawe the daqping of the Dutch r o l l  
osci l la t ion ie weak. Poor damsing might be the reason for  the  emking 
experienced with the XS-1. The f ac t  that in high-speed flight the 
fuselage (& thua  the  principal longitudinal &e of iner t ia)  ie more 
nearly alined  with  the  relative wfnd will tend  to make the Dutch r o l l  
osci l la t ion damping worse thaa that at low speeds. 

ESTIMATION OF DERIVA"ES 

The discussion presented so far has indioated some of the design 
conditione that must b'e avoided i f  s a t i e f ac to ry   l a t e ra l   s t ab i l i t y  charac- 
t e r i e t i c e   a r e   t o  be obtained. I n  general, it has been found through 
experience with modela i n  the Langley free-flight  tunnel that f l i g h t  
ch&racteriatics can be predicted  through solutions of the  epuatione of 
motion, provided that sufficient  fnfollnation is at  hasd regarding  the 
mass chamcterietlcs of the nodeb and the values of the stability 
derivatives. 

Theoretical Work 

The theoret ical   s tabi l i ty   der ivat ives   for  unawept wfnge given in 
reference 12 have generally been found t o  be adequate. The use of sweep 
may affect  the  values of some of the  derivatives  appreciably huwever; 
and, i n  general,  the  available  rigorous  theorfes  applicable  to swept wings 
are  too cumbemonme t o  be used f o r  the  preparation of charts similar t o  
those  given f o r  unmept winga in reference 12. Analysea of.8wept-wing 
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data, such as those given in referenceIl3, ham indicated that through 
si-le geomet,+c coneldewtione,  correction  factors mey be derived t o  
account for   the efPeots of m e p .  when'these factors  are applied  to 
rigorous theoret ical  ~ ~ W E I  of the  d8rivatlves of mawept winge, 
reasonably  reliab'le derivatives for swept wings may be obtained. Such 
factors have be&.derived in an wpubllehed analysis for the var ioua 
derivatives. Sane sample charts b e d  on the  method are shown in 
figure 7. These charts   i l lust rate   t rends  reeul t ing from the  effects 
of sweep on aome of the   hportant   s tabi l f ty   der ivat ives  of wings having 
a t a p e r   m t i o  of 0.5 and no dihedral. 

Perhaps  the  greatest  effect of sweep l e  on the effective-dihedral 
derivative -Czg. It should  be  noted that for emall aepect  mtfos a 
given angle of sweepback may reeul t  in high posit ive  effective d2he-1; 
whereas, the same m g l e  of sweepforward may result in little o r  no 
negative  effective  dihedral. This ie cawed ky the f a c t  that, although 
the increment of C2 result ing from sweep doee not t o  any large 

extent  with aEFpect ra t io ,  the value of -Czg f o r  mewept winge increases 

rapidly as the  aspect mtio decreases. 

B 

The approximate method of oaloulation  indioatee that the wing ;tn 
r o l l  Cz is  reduced by meep, but this ef fec t  generally is not  large 
except f o r  re la t ively high aapect ra t ios .  In this caunection, it might 
be mentioned that the effectivenese of ailerons, which o c c q y  a gfven 
portion of the wing suface,  i s  found t o  decrease with m e p  more rapidly 
than the damping i n  roll. If it I s  desired,  therefore, t o  meet the usual 

P 

ro l l ing   c r i te r ion  .of a specified value of the "tip hellx angle $, 
ei ther   larger  a i lerons or greater   def lect iam m e t  be provided as the 
sweep angle is increased. 

Sweep causes  appreciable increases in  the magnitudes of the  deriva- 
t ives  of  yawing moment due to rolling Cap and rolling moment due t o  
yawing Cz,. This increase is  in cantmst  t o  the reduotione noted f o r  
the value of C and usually found f o r  the lift-curve sloge 

2p cL,' 

Correlation of Theoretical and Experimental Results 

Experimental  determinations of the various staBili ty  derivatives 
have been made for a large number of w ins  through the me of the  rolling- 
and curved-flow equipment of Langley s t a b i l i t y  tunnel. In gsneral, the 
t.est results have substantiated  the trende sham by the chart0. The data 
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have indicated, however, that under some canditions, the calculated 
valuee of the  derivatives may apply t o  anly a limited  l if t-coefficient 
range. This f ac t  is i l lue t ra ted  by figure 8 which share comparisons of 
experimental and calculated valuee of the  derivatives - C z B ,  C 

and C f o r  an untapered 45’ eneptback wing of aspect  ratio 2.6. The 

t es te ,  which w e r e  made at a Reynolde number of about 1,400,000, are 
reported in references 14 and 15. 

’r ’ 
”p 

. 

For this case, the initial elopee of the  derivatives  against lift 
coefficient are in  fairly good agreement with the  slopes  indicated by the 
calculations. The data begin to  deviate from the initial slopes, however, 
at a l i f t  coefficient of about 0.5, and the  deviationa become very 
important a t  high l i f t  coefficiente. Under theee test   conditions,   the 
rol l ing moment due to   s ides l ip  and the  roll ing moment  due t o  yawing 
decreased t o  about  zero a t  maximum l i f t .  The yawing moment due t o   r o l l i n g  
reversed its sign at  a l i f t  coefficient of about 0.7, so that at high 
l i f t  coefficients  the  derivative c”p might be regarded a8 favorable 

rather than unfavomble as is  normally expected. A poeitive value of C 

can have B T ~  important  effect on controllabil i ty a t  high l i f t  coefficients. 
Bee-fUght-tunnel  teete of models with poeltlve valuee of have 
indicated that the  favorable yaw makes it poeeible to   ob ta in  good l a t e r a l  
flying  characteristics  without  the  necessity of coordinating  the rudder 
with aileron  control. 

nP 
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The deviatiane of the  exprimental data from the initial slopes 
probably result from t ip   s ta l l ing  e ince  rol l ing-  and yawing-mmnt deriva- 
t ivee  are  affected primarily by flow conditiaas at  the  t ipe.  A n  indl- 

cation of partial s t a l l i ng  is given by the   r ise  in the quarntity CD - x 
which represents that part of the wing dmg which is not ideally aseoci- 
a ted with l i f t .  For convenience, this quantity will be referred t o  as 
the rtdrag Index.” For  the  case of a mptback  wlng without devioee 
which tend. t o  delay stalling a t  the wlng t ips ,  such ae vanes, leading- 
edge f laps ,   or   s lots ,  the drag index is found t o  rime at  about  the llft 
coefficient at which the  derivatives C 

deviate from the trende eetablished at low l i f t  coefficiente. When devicee 
which delay t i p  stalling are  wed, the  drag Index may not be a t rue indi- 
cation of variations i n  derivatives, however, f o r  it ~ R J  r i e e  because of 
separation of flow from inboard  parte of the wing whichlwould not  greatly 
affect   the  rolling- and yawing-moment derivatives.  For  plain eweptback 
wings, however, it appeare that the  drag  index might 8eme as a basis 
for  predicting  the  l if t-coefficient mnge over which the  calculated 
characterist ics might be expected t o  apply under epecific  conditions. 
A n  important  application of  khe drag-index  concept i e  i n  the  prediction 
of Reynolds number effect6 on derivative6 such as and C which 

cL 

28’ c Zr, and C begin t o  ”9 

’r 
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can be determined only with  special  equipnent which normally is  not . available in  wind tunnel0 c a p b l e  of mkLng tests at  high Reynolds numbers. 

Effecte of Reynolds Number and W i n g  R o ~ s s  

Figure 9 shows the  effects of Reynolds number asd of wing rougkess 
on the  effective-dihedral  derivative -CzP and on the drag index f o r  
a bo sweptback wlng with an NACA 641-11.2 a i r fo i l   sec t ion .  These resul ts ,  
taken from reference 16, a re  from tests made in the  Iangley 19-foot presmre 
tunnel. Large e f fec ts  of Reynolds number were noted when %he wing eurface 
was amooth; f o r  example, a t  a Reynolds number of 5,300,000 , the 
derivative -CzB increased linearly with l i f t  coefficient almost until 

maximum lift was attained, and the dmg index  shared  very l i t t l e  change 
with l i f t  coefficient. A t  a Reynol.de  nuniber of l,72O,OOO, however, the 
derivative -CzB began to  deviate from its initial trend at a lift 
coefficient of about 0.5, asd the drag index showed an abrupt r i s e  at the 
same l i f t  coefficient.  Results  obtained a t  a high Reynolds nwBer f o r  
the d n g  w i t h  roughness at the leading edge were very similar t o  resu l t s  
obtained at  a low Reynolda  number f o r  the wing with a smooth surface. 
The drag index again indicates  the  presence of t i p  stalling for   the  latter 
two cases but l i t t l e  o r  no stalling for   the  emooth wing at a high Reynolde 
nuniber. It might be expected  therefore that initial trends of the 

a derivatives C and C also would pers ie t  t o  a high lift coefficient "p 'r 
f o r  the  case of the anooth wing at  a high Reynolde  number. 

- 
Effect of W i n g  P r o f i l e  and Flage 

The shape of the wing profi le  may, under some cmdltians,  have large 
effects  on la teral   s tabi l i ty   character is t ics .   Figure 10 shows co~qparisons 
of reeulta  obtained on the  effective-dihedral  derivative -C f o r  smooth 

wings having MACA 641-112 and circular-arc   a i r foi l   sect ions.  'The tests 
(reference 17) were made at  a Reynolds numker of 5,3OO,OOO, which i s  the 
higher of the two values referred t o  in the  preceding  figure. With f laps  
of f ,  the curve for   the  XACA 641-112 a i r f o i l  is the same as that given 
before. The values of -CzB for   the   c i rcu lar -a rc   a i r fo i l   begin   to  
deviate from the i r  initial trend at a very law lift ooefficient,  probably 
because the tendency of sweptback wings t o  stall at the  tfps is aggra- 
vated through the use of 89 a i r f o i l  with- a sharp leading edge. With 
leading-edge and trailing-edge  flaps  deflected,  the  derivative -Czp 

continued to  increase almost l inear ly  with lift coefficient until maximum 
lift was apprmched,  regardless of the a i r f o i l  eecticm. It appears that 
the wing characterist ics am determined l a r g e l y  ky the contour of the 

28 

- 

. leading-edge f l ap  and that the  basic a i r f o i l  sectfan has very Uttb 



10 I KACA RM No. L&2& 

influence  when  the  leading-edge  flap is deflected.  Since  the  leading- 
edge  flap  tends  to  delay  tip stalling, it i e  probable  that  the 
derivatives C and C also would  show  trends  eimilar to that 

indicated for - C z p .  
np 'r 

Effect of Fuselage and Tail Swfaces 

The  discussion  given so far has dealt  largely  with  the more important 
effects  of  sweep on characteristic8  that are of  particular  interest  at 
low speeds. In the design of a complete  airplane,  additional  factors, 
such a s  the  effects of the  fueelage,  or  the  size  and  location  of  the  tail 
surfaces,  must be considered.  Experience has indicated  that  the  effects 
of  these  additional  factors on the m r i o u e  rotary-stability  derivatives 
and on the  effective-dihedral  derivative -C z 8  can be  accounted  for in 
much  the 8- IIEcaTer that has been used for conventional-aircraft &eigne. 
Particular  attention  should be paid,  however,  to  the  possible  adverse 
effect  of  awept wings on directional  stability near rmximum lift. It 
is not  yet  poseible  to  select with any degree of certainty a configuration 
that w i l l  have satiefactorg  directional-stability  characteristics  at all 
lift  coefficients,  but  it  generally hae been  poesible to correct an 
undesirable  condition in  the course of  wind-tunnel  development  tests. 

Effect  of  Mach  Number 

V e r y  little  theoretical or experimental  information regarding 
subsonic  compressibility  effects on the lateral-etabilitg  derivatives 
is  available at the  present  time.  Results of teats mde on one model in 
the Langley high-speed 7- by 10-foot tunnel (wpubliehed data) are  shown 
in figure 11. The  teats  included  determinations  of  the  derivatives Cq, 
-c and C2 through a range of Maoh  number.  The model configuration 

wed in the  determination of C was sli&tly  different frum that  used 

in the determinations of C, 

on  these  derivatives were found  to  be very small for  Mach  1uuber8 
below 0.82. At  higher  Mach  numbers,  the  directional-stability 
derivative increased,  probably becawe , with the model in eideslip, 
the  critical  Mach  nuniber  of  the  leading-wing panel was exceeded and, 
consequently, the drag of  the  leading-wing  panel  increased. At an angle 
of attack  of 6' the  effective-dihedral  derivative -CzB decreased a8 

the  Mach  number  exceeded 0 .&. Thle  reductian in effective  dihedral 
probably  results f rom a loss in lift on.the leading-wing panel as its 

2$' P 
2R 

P - czB*  
The  compressibility  effects 

CnP 
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critical  Mach  number  is  exceeded. The  damging-in-roll  derivative C 

showed no abrupt ch.ange through  the  test  range  of h c h  number. 
.) 2P 

The problem of Lateral  behavior  at  trassonic speeds, extending 
through a Mach number of 1.0, is now being  investigated by means of  free- 
flight  rocket models, but  results  are  not  yet  available.  Several  theo- 
retical  investigations  which  apply  to Mach numbers  of  about 1.2 and 
above  have been completed or  are in progress.  The case of the supersonic 
derivatives of tri€mgular wings already has been  covered  rather  completely 
in an unpublished  analysis. The methods  used in this  analysis are now 
being  extended to "notched"  triangles,  or  swept wings with zero taper 
mtio. Investigationa of unswept  rectangular wings also are under way. 

In sumnaarizing,  it  might  be  said  that  progress is being made in the 
determination  of  the  statility  derivatives for m p t -  and low-aepect- 
mtio airplane configuratirme; and It apgears  that  the  lateral  stakility 
characteristice of Mgh-speed airplanes can, at least  qualitatively, be 
predicted  by  the use of the  proper  atability  derivatives  with  existing 
theoretical  methods. 

Langley Memorial  Aeronautical Labomto= 
National Advisoq Cormittee for  Aeronautics 

Iangley Field, Va. 



12 MCA RM No. L8A28a 

1. McKinney,  Marion O., Jr.: E~rimental Determination of the  Effects 
of  Dihedral,  Vertical-Tail  Area, and Lift  Coefficient on Lateral 
Stability and Control  Characteristics.  NACA TN No. 1094, 1946. 

2. Drake,  Hubert M.: The  Effect of Lateral Area an the  Lateral  Stability 
and Control  Characterlstics of an Aimlane as Determined by Tee* 
of a Model  in  the Lmgleg Free-Flight-Tunnel.  NACA ARR No. L5Lo5, 
194-5. 

3. Drake,  Hubert  M. : Experimental Determination  of  the  Effect8 of 
Directional  Stability etnd R o t a r y  Damping in Yaw on Lateral Stabil i ty  
and  Control  Charetcteristice NACA TN No. 1104, 1946. 

4. McKinney, Marion O., Jr., and Drake, Hubert M.: Correlation  of  Erperi- 
mental a;nd Calculated  Effects  of  Product  of  Inertia on Lateral 
Stability.  NACA TN No. 1370, 1947. 

5 .  Sternfield,  Leanard: Some Coneideratione of the  Lateral  Stability of 
High-speed  Aircraft. NACA TR No. 1282, 1947. 

6 .  aternfield, Leonard: Effect of Product of Inertia on Lateral  Stability. 
ESACA TN No. 1193, 1947. 

7. Campbell, John P., and  Seacord,  Charles L., Jr.: The  Effect  of Mass 
Distribution on the  Lateral  Stability and Control  Characteristics 
of an A i r p l a n e  as Determined by Testa  of a Model  in  the  Free- 

’ Flight Tunnel. NACA  Reg. No. 769, 1943. 

8. Campbell, John P ., and  Seacord,  Charlee L., Jr.: Effect  of W i n g  
Loading  and  Altitude on Lateral  Stability and Control  ChEtracteristice 
of an Airglane aa Determined by Teats of a Model i n  the  Free-Flight 
Tunnel.  NACA ARR No. 3325, 1943. 

9. Greenberg, Harry, and Sternfield, Leonard: A Theoretical  Inveetigation 
of  the  Lateral  Oscillatians of an Aimlane wikh  Free  Rudder with 
Special  Reference  to  the  Effect of Friction. NACA Rep. KO. 762, 
1943 

10. Neumark, 8 . :  A 8implified  Theory of the  Lateral  Oscillations of an 
Aeroplane with Rudder  Free,  Including  the.  Effect  of  E’riction in the 
Control Syetem. Rep No. Aero m49, British R.A.E., May 1945 

11. Maggln, Bernard:  Experimental  Verification of the Rudder-Free  Stability 
Theory  for an Airplane  Model  Equipped with a Rudder Having Positive 
Floating  Tendencies and V a r i o u s  Amounts of Friction. 
WLCA T1J Bo. 1359, 1947. 



NACA RM No. L&&i 13 

12. Pearson, Henry A., and Jones, Robert T . : Theoretical   Stabil i ty asd 
Control  Characteristics of Wings with V a r i o u e  Amounts of Taper 
and Twist. Rep. No. 635, 1938. 

13.  Letko, W i l l f a m ,  and GoodrPan, A l e x :  Prelimbmry W F n b - T m l  I n v e h i -  
gation at Low Sped  of Stability and Control Ch~zac ter i s t ics  of 
Swept-Back Wings. NACA TI? No. 1046, 1946, 

14. Feigenbaum, David, and Goodmas, Alex: Prelindnarg Investigation at 
Low Speeds of Wept Wings in Rolling Mow. XACA RM No. L-09, 
1947 

15. Goodman, Alex, and Feigenbaum, David: Preliminary I n v e s t i s t i a n  at 
Low Speeds of Swept Wing0 i n  Yawing Flow. NACA RM No. L7I09, 
1947 9 

16. Neely, R o b e r t  H. , and Comer, D. William: Aerodynamic Characterisf,ics 
of a ko Swept-Back Wing with Aspect Ratio 4 and EACA 61Cl-112 
A i r f o i l  Sectiane at  Reynolde M d e r s  from 1,700,000 t o  9,500,000. 
NAGA RM No. Lp14, 1947. 

17. S a m ,  Reino J., and Fitzpatrick, J-B E. : Yaw Characteristics and 
Sidewash Angles of a 42' Sweptback Circular-Arc Wing with a 
Fuselage and with Leading-Edge Ecnd S p l i t  Flaps at a Reynold8 
Number of 5,303,OoO. NAGA RM No. L7I30, 1947. 



14 

.O 03 
C "P 

.o 02 

.o 0 I 

0 

NACA RM No. L8A28a 

STABLE 
R = O  

OSCILLATORY 
INSTABILITY 

Figure 1.- StabUty chart for a general research model tested Fn the 
Langley free-aght tunnel (CL = 1.0). 

Flgure 2.- Effect of damping Ln roll on the lateral stability of a high- 
speed airplane (CL = 1.0). 
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m- u CONDITION 

Figure 3.- Effect of wlng incidence on the lateral stability of a free- 
flight-tunnel research model (CL = 0.6). 

. .  
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.Mgure 4. - Effect on the lateral stability of the change in mass 
distribution caused by adding wing-tip tanks (CL = 0.7). - 
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Figure 5.- Time histories of the lateral oscillations of a conventional 

attack airplane. 
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Figure 6.- Period and damping of the lateral oscillation and calculated 
rudder-free stability boundary for conventional attack airplane. - 
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F'igure 7.- Lateral-stability derivatives calculated by spproximate 
theory for swept wings with taper r&tio of 0.5. 
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Figure 8.- Comparison of experimental and calculated lateral-stability - derivatives. 
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Figure 9.- Effect of Reynolds number and wing roughness on rolling 
moment due to sideslip. 
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Figure 10.- Effect of aFrfofl section and flaps on rolling moment due 

1111 
to sideslip. 
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Figure 11.- Effect of Mach number on lateral-stability derivatives. - 


